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§48. Relation between lonization- or 
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Intensity 
Goto, M., Morita, S. 
According to the idea of the collisional-radiative model, 
the emission line intensity or the photon emission rate, I 
(m-3s- 1), is written as 
Here, nj and n( 1) are the density of the upper charge state 
ion and the ground state density of the target atom or ion, 
respectively. The quantities, Eo and t1' are called the photon 
emission rate coefficient and are the functions of electron 
temperature Te and density ne. 
The time derivative of nj and n( 1) can be expressed as 
dn(l) dnj ~ = - dt = -SCRnen( 1) + aCRnen j , 
where SCR and a CR which are the effective ionization and 
recombination rate coefficients, respectively, depend on Te 
and ne. The first and second terms on the most right-hand 
side of the above equation are called the ionization flux and 
recombination flux, respectively. 
With using the CR model codes for neutral hydrogen, 
neutral helium, and ionized helium, the Te and ne depen-
dencies of the ratio, SCRf t} and acRf Eo, for the representa-
tive emission lines are calculated. They are dimensionless 
values and are interpreted as the number of the ionization 
or recombination events during one photon emission. Their 
dependences on the plasma parameters is found to be rather 
weak in the ranges of our practical interest. This means the 
photon emission rate or the emission line intensity can be a 
good measure of the ionization or recombination flux. 
These results are examined in an LHD experiment. Fig-
ure l(a) shows the photon emission rates for the HI It 656.3 
nm, HeI It 667.8 nm, and Hell It 468.6 nm lines measured 
in the initial phase of a discharge. The product of this value 
and SCRf tl is the ionization flux. If the electrons produced 
in the ionization processes are accumulated in the plasma 
without escaping by diffusion and so on, the summation of 
the ionization fluxes over the dominant atoms and ions can 
be compared with the time derivative of ne. Such a com-
parison is shown in Fig. 2(b). The agreement is satisfactory 
and our assumption is confirmed to be true. 
Figure 3(a) is similar to Fig. 2(a) but the measurement 
in the final phase of the same discharge. In this case the 
product of the photon emission rate and acRf Eo indicates 
the recombination flux. In Fig. 3(b) they are compared with 
the decreasing rate of ne. The agreement is good and this 
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implies the decrease of ne is predominated by the recom-
bination processes rather than diffusion. We conclude this 
result is due to the steady-state magnetic field and is one of 
the distinctive features of LHD. 
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Fig. 1: Time variations of (a) the photon emission rates of 
the HI It 656.3 nm (n = 2-3), HeI It 667.8 nm (2 1p-3 1D) 
and Hell It 468.6 nm (n = 3-4) lines and (b) the time deriva-
tive of ne estimated from the photon emission rates of the 
above three emission lines and that from the interferometer 
measurement in the initial stage of a discharge. 
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Fig. 2: Similar to Fig. 2, but for the final stage of a dis-
charge. 
